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ABSTRACT

This report presents results of an investigatioﬁ to develop CAD macromodels for simulating
and assessing electromagnetic (EM) effects in linear and digital ICs. The circuit simulator used is
PSPICE’, Version 6.2. The effects of interest are any unintended IC responses due to inadvertently
(or intentionally) coupled EM energy entering into any accessible ports on the victim circuit.
Assessments of possible EM effects require a robust methodology to encompasses a variety of
coupling waveforms and conditions.

In this study, both Thevenin and Norton sources were used as equivalent circuits for coupling
the intrusive EM fields. Both digital and linear ICs were used as victim circuits to determine and
benchmark performance of the candidate macros. Three ICs of representative families, however, were
specifically selected for bench marking because they are used in current and planned Air Force T/R
(transmit/receive) Modules. In addition, other contemporary linear ICs and OpAmp's were used in
various circuit configurations to demonstrate use of the (EM) assessment macromodels.

The macromodels (macros or sub-circuits) developed here were used to "measure" or compute
circuit responses at the output and at other ports when any other (as arbitrary input) ports were cw
driven by EM sources. These macromodels were designed to measure average power, peak power,
scattering parameters, digital eye patterns, bit error thresholds, noise figure, and other device
performance metrics related to the resulting electromagnetic degradation. Demonstrations using a

PSPICE simulator and selected ICs, under a variety of coupling scenarios, suggest good evidence that

‘macromodels developed in this program, in fact, perform as intended. The shortfall, if any, in these

demonstrations is that they were limited in frequency range due to time constraints. While the
macromodels presented in this report were tailored for the PSPICE Version 6.2 circuit simulator, it
is felt that they are general enough in format and appﬁcation to be easily adapted into most any other

* PSPICEisa registered trademark of the MicroSim Corporation, 20 Fairbanks, Irvine, CA 92718.

Xiil




contemporary circuit simulator.

From our performance data on EM assessment macros developed and demonstrated in this
program, we conclude that macromodels in PSPICE can provide sub-circuits, analog behavioral
models, and algorithms that enable assessments of EM related effects in ICs. Among these are EM
effects related macros that can:

a) combine desired signal power with EM coupled power,

b) compute or "measure" average, rms, and peak power levels,

c) generate tailored noise spectra,

d) compute or "measure" noise spectral densities and noise figures,

€) generate eye patterns to determine upset thresholds,

f) compute or "measure” S-parameters of passive and active devices, and
g) compute or "measure" input impedance, VSWR, insertion loss, and gain.

It is recommended that Rome Laboratory continue this and related work to focus on the

following (EM) macromodeling initiatives:

a) widen the current frequency range at least up to 6 GHz,

b) develop and verify "realistic" EM field coupling models,

¢) include IC gain compression and expansion (EM)effects,

d) refine and exploit eye patterns as EM diagnostic tools,

¢) develop noise modeling as an EM effects diagnostic tool,

f) include an electrostatic discharge model in the suite of EM assessment tools, -

g) investigate "packaging" the macros into a software suite of EM assessment tools,

h) investigate and select appropriate macros as candidates for technology transfer.
Details for these conclusions and related rationale for our recommendations are found elsewhere in

section 10.

xiv




PROGRAM OBJECTIVES

Subcontract C/UB-1756A. between the CALSPAN-University of Buffalo Research Center
(CUBRC) and Mr. Daniel J. Kenneally, an independent consultant, began on October 26, 1994 and
ended on July 26, 1996. The objectives of this 1140 hours effort were to assist and to advance several
CAD modeling efforts on-going at the Rome Laboratory; specifically to “...to develop and verify
techniques needed to enhance electromagnetic (EM) effects' circuit modeling and simulation, ...related
methodologies to determine and to quantify EM susceptibility and attendant reliability effects of
electronic circuits and systems will also be developed."

The task reported here entitled "Macromodeling Electromagnetic Effects in Circuits" is one
of the two tasks in the CUBRC prime contract effort - "EM Effects Measurements and Modeling
Technology". The other partner task in this prime contract is entitled "Measurements Technology"
and is reported elsewhere (see, for example, the final technical report on the measurements task
submitted to the Rome Laboratory by J. Quine of CUBRC).

The objectives of the Circuit Modeling Technology task are to develop CAD related, circuit
modeling techniques needed to evaluate EM effects on electronic systems' operability and reliability.
Specifically, this task will develop the necessary CAD techniques and related algorithms (in the form
of circuit macromodels) which are needed to enhance EM effects' modeling and simulation of digital
and linear IC's which operate in stressful EM environments. This task will also develop and
demonstrate the methodologies needed to model, determine and assess EM effects' susceptibility and
reliability impacts on victim electronic systems and circuits.

In addition to the Air force requirements and objectives stated above, and with the assistance
and concurrence of our Rome Laboratory sponsor, we further refined the above objectives to focus
on and address the following specific subtasks:

1. Develop and implement EM assessment metrics in PSPICE models.




2. Develop and implement EM sources and attendant coupling ports as Thevenin and
Norton equivalents.

3. Parametize EM sources and attendant coupling topologies to determine EM driven, upset
threshold sensitivities.

4. Develop PSPICE macromodels and attendant methodology to accomplish performance
assessments of victim IC's due to EM waveforms at any device port.

5. Demonstrate use of candidate assessment macromodels in various EM coupling
scenarios.

6. Verify macromodels' performance and predictions with measured or simulated test data
for selected IC devices.

The results of both of these measurements and modeling tasks will assist Rome Laboratory's

on-going programs to identify, measure, and model electromagnetic environmental effects that can

degrade functional performance and reliability of Air Force electronic systems and circuits: and further,

these results will help to identify, implement, test, and verify appropriate design fixes where needed.




SUMMARY AND CONCLUSIONS

Measuring and modeling electromagnetic effects on USAF electronic systems’ reliability are
current initiatives in the Electromagnetic Systems Engineering Division (ERS) of the Rome
Laboratory. This work includes electromagnetic measurements and computer-aided modeling of
system and circuit susceptibilities to the EM environmental effects on both functional and susceptibility
performance. In this context, degraded functional performance and reliability effects are caused by the
unintended coupling of electromagnetic fields and signals from the EM environment directly through
intended (and unintended) apertures and antennas on operating systems, by coupling onto intrasystem
cabling, and subsequently, by coupling into the ports of victim circuits and devices. In either case, the
resulting effects are distorted waveforms, digital upsets and latch-ups, raised noise floors, bit errors,
instability, and other related performance degradation.

Metrics for circuit assessments of these EM effects include several likely measures.
Computational metrics tailored to EM assessments require developing, adapting or redesigning time
domain PSPICE macromodels (or algorithms) in order to compute and track responses of interest.
For example, we need PSPICE macros in PROBE format that can determine:

a) RMS power and energy at selected ports and nodes;
b) Input impedances looking towards load or generator,
c) Power gain referred to some source or node pair;

d) Insertion Loss between selected ports or node pairs;
f) Harmonic distortion;

g) S-parameters from time domain waveform data;

h) VSWR at selected ports; |

i) Noise generators and noise figure;

j) Eye Pattern generators to threshold bit errors rates;
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k) Signal power combiners.

Macromodels that enhance CAD assessments of EM effects were developed and tested.
Thevenin and Norton source configurations were used as equivalent circuits to model coupling of
intrusive EM fields into victim device ports. Both digital and linear ICs were used as victims to
benchmark performance of the candidate macros. Three ICs of representative families, however, were
specifically selected for bench marking because they are used in current and planned Air Force T/R
Modules. In addition, other contemporary linear ICs and OpAmp's were used in various circuit
configurations to demonstrate use of (EM) assessment macromodels developed here.

These macromodels (i.e., macros or sub-circuits) were used to simulate and "measure" circuit
responses at output and other ports when any other (arbitrary) ports were cw driven by EM sources.
Specific macros were designed that measure average power, peak power, scattering parameters, digital
eye patterns, digital bit error thresholds, noise figure, and other metrics of EM induced degradation.
Demonstrations of these macros using the PSPICE simulator and selected ICs, under a variety of EM
fields coupling scenarios, suggest convincing evidence that macromodels developed in this program
perform as intended. A shortfall in these demonstrations is that they were limited in frequency range
due to program time constraints. While the macromodels presented in this report were tailored for
a PSPICE (Version 6.2) circuit simulator, it is felt that they are general enough in format and in
application to be easily adapted to most other contemporary simulators.

From our performance data on these EM assessment macros, we conclude that these EM
macromodels in PSPICE provide useful sub-circuits, analog behavioral models, and related algorithms
to enable assessments of EM environmental effects in ICs. Among these are macros that can:

a) combine desired signal power with EM coupled power,
b) measure average, rms, and peak power levels,

c) simulate and shape noise spectra,
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d) measure noise spectral densities and noise figure,

e) generate eye patterns to determine digital thresholds,

f) measure S-parameters of passive and active devices, and
g) measure input impedance, VSWR, insertion loss, and gain.

Of special interest to Rome Laboratory and its technology transfer initiatives is our invention
disclosure based on the work performed under this contract. The particular invention is the design of
a Wilkinson Power Combiner as described in section 8. Simulated performance of this circuit indicates
that it has considerable merit for both military and commercial applications. For example; phased
array, receiving and signal processing antennas used extensively by both the military and the
telecommunications industry require high performance, high fidelity rf combiners. It is recommended
that Rome Laboratory initiate appropriate actions to implement and exploit this invention disclosure,
and to initiate technology transfer related actions.

It is recommended this or related work be continued and focus on the following
macromodeling related initiatives:

a) widen the macro frequency range of interest up to 6 GHz,
b) develop and verify realistic EM field coupling models,

c) ﬁclude IC gain compression and expansion (EM)effects,
d) refine and exploit eye patterns as EM diagnostic tools,

e) develop noise modeling as an EM effects diagnostic tool,

f) select and exploit macros for technology transfer.
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1. INTRODUCTION

This report presents results of an investigatibn to develop CAD macromodels specifically
tailored to simulating and assessing EM effects in linear and digital ICs. The circuit simulator used
for this purpose is PSPICE, Version 6.2. Degradation effects of interest here are any unintended IC
responses (in a functional design sense) that can result from extraneous, environmental EM signals
which inadvertently (or intentionally as jamming) are wire or field coupled into or otherwise enter any
"accessible” ports on the victim circuit. While accessible ports used in this investigation are those
intentionally designed into commercial packages, they can also be any aperture, seam, slot, wire pair,
or EM porous dielectric on the package which allow EM energy to effectively get into the package
interior, couple onto die associated wiring busses or traces, and eventually, induce extraneous voltage
and/or current sources in functional circuits where none are intended.

In this work, Thevenin and Norton sources were both used as equivalent circuits to provide
the coupled sources as drivers of the intrusive EM fields. Both digital and linear ICs were used as
victim circuits to benchmark performance of candidate macros developed here. Three digital ICs of
representative families (and attendant data), however, were specifically selected for bench marking
because they were previously tested for application in Air Force developmental T/R Modules. In
addition, contemporary linear ICs and OpAmps were used in various circuit configurations to
demonstrate use of the (EM) assessment macromodels developed. These circuits include noise
generators, active band pass filters, UHF power amplifiers, and UHF low noise amplifiers,

The macromodels (some times called macros or sub-circuits) developed here were used to
"measure" or compute circuit fesponses at the intended output and at other ports of the IC device
when one or more of its other ports (as arbitrary "inputs") were cw driven by EM sources. The EM
sources were series and parallel connected to victim ports to simulate both electric and magnetic field

coupling. Macromodels were designed to measure average pOWwer, peak power, scattering
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parameters, digital eye patterns, bit error thresholds, noise figure, and other device performance
metrics related to electromagnetic induced degradation. Demonstrations of these macros using a
PSPICE simulator and selected ICs under a variety of EM coupling scenarios, suggest good evidence
that the macromodels developed in this program, in fact, perform as intended. While they were
developed and tailored for the PSPICE Version 6.2 circuit simulator, it is felt that they are general
enough to be easily adapted to most other contemporary simulators. All the simulation runs were
performed on a Compaq Deskpro, XL 566 PC. A PC system summary is shown in figure 1-1.

This report is organized as follows. In preamble sections we present an abstract, statements
of program requirements and objectives, and a summary and conclusions with recommendations for
further work in this area. Section 1 is the introduction and describes what is in the report. The main
results of this work are presented beginning in the section 2 on RF power meters which develops and
"calibrates" a variety of macro configurations to compute average, rms, and peak powers. Next in
section 3, these power macros are used extensively to determine threshold levels of EM susceptibility
in advanced, low power Schottky NAND gates. Section 4 continues this threshold sensitivity
analyses for DS7820 differential line receivers, as does section 5 on 74800, quadruple 2-input positive
NAND gates.

Next in section 6, we present digital eye pattern generators and indicate how they can be used
to determine sensitivity of digital waveforms to EM signals. Section 7 introduces random noise
sources and several related applications. Section 8 presents several new configurations of OPAMPs
as combiners of desired signals with undesired EM signals. This section also presents a new
application of the conventional Richardson power divider; in this case, its electrical dual - a new form
of power combiner for desired and undesired signals. In section 9, we present more accurate methods
and related macros to determine the S-parameters of active and passive ICs. Several circuit examples

are presented which include S-parameter derived, performance.
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In section 10, we present the conclusions and recommendations that seem warranted by this
work. Finally, in section 11, we present a current bibliography of CAD and EM modeling related
literature. Some of this material came from a formal literature search using facilities and personnel
of the Rome Laboratory Technical Library. Most came from informal, on-going, ad hoc literature

searches by the author and from other personal sources and contacts.




— Computer

(X232 222222222222 2222

* System Summary *
[ 222222222222 2 2 222 R 2]

Computer Name:
ROM BIOS:

Main Processor:
Numeric Processor:
Bus Type:

Video Adapter:
Serial Ports:
Parallel Ports:
Keyboard Type:
Mouse Type:

Compaq

Compag, 10/26/94

Pentium, 67MHz

{(Built-In)

EISA

Video Graphics Array (VGA)

2: COM1l, COM2

l: LPT1

IBM Enhanced (10l1- or 102-key) keyboard
PS/2 Mouse, Version 8.01

~ Disks

Floppy Disks: 1.44M

Hard Disks:

523M (SCSI)

Memory
Windowss

DOS:

Base:
Extended:
Low Memory:
Swap File:

(3%"), None

40377K
496K
640K
15360K
113K

— Environment

Temporary (37344K)

Windows Version:
Mode:

DOS Version:
Language:
Network:

3.10 (Win32s 1.25)
386 Enhanced

6.20 (Microsoft)
English (American)
No Network Installed

Figure 1-1 Computer System Summary
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2. POWER METERS

Accurate determination of power levels at sﬁspected ports and nodes is indispensable to
performing meaningful EM susceptibility assessments. It is akin to doing accurate, repeatable
measurements in the lab. Since PSPICE is a time domain simulator, power meter macros derive from
observed time waveforms provided b;' its PROBE feature. PROBE is the graphics analyzer which
processes nodal waveform data generated on all components, nets, and built-in device models of a
schematic in response to tailored directives prescribed by the analyst. PROBE provides the results
of the simulation as video graphics and optional printouts. It is essentially a "virtual oscilloscope”
to directly view and interact with nodal response data from a simulation run, very similar to probing
an electronic breadboard in the lab. PROBE features menus for easy manipulation of simulation data
to tailor display plots of power levels using intrinsic arithmetic functions. In particular, the "rms" and
"avg" functions compute both kinds of running averages of power over the specified range of the time
axis.

The idea behind power macros in PSPICE is the computation of power from basic voltage
and current response waveforms at ports of interest. In PSPICE, waveforms are peak-to-peak levels.
Thus, average (sinusoidal) power is found by the product of rms voltage and rms current, or
alternatively, by taking the avg of the product of the voltage and current waveforms. Of course,
average power could also be expressed as 1/2 [(voltage,,) x (current,)]. It is important to recognize
that at most ports or nodes of interest there may be significant levels of dc present in the observed
waveforms. These usually come from dc bias and rectified ac sources. Filtering these dc levels is

required before doing any rms or avg operations.

Waveform filtering can be done using tailored PSPICE ABMs (analog behavioral models) of
high pass filters inserted directly into the schematic. Another way to remove the dc level is to use

a low impedance, blocking capacitor. This may also require a large resistor (T ohm) in parallel,
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providing a return path to ground and satisfying the schematic ERC (electrical rule check); i.e., every
node in PSPICE must have a direct path to ground. An even simpler way is to implement dc filters
is to write them as mathematical filters (macros) in PROBE. While the latter approach is favored,
all three above schema were used in this work. For example, analytical filtering of the dc level from
an observed PROBE waveform (i.e., its average value) needs a simple macro to compute a filtered
waveform as v(t),.,, = v(t) - avg[v(t)]. PROBE does the required data processing to effect an ideal
high pass filter.

Computing accurate rms and avg values of periodic waveforms is straightforward - the time
range used by default is simply the waveform period. However, with non-periodic or other transient
waveforms some consideration should be given to which time ranges are best, if any. PROBE will
automatically use the time range of the "sweep" selected by the analyst. This may or may not be
acceptable. The computed avg and rms data presented here used the minimum sweep range that
contained "all" (or, at least 90 %) of the spectral energy in the waveform. While it is not rigorously
justified, good engineering judgement is still the compelling factor in most cases.

Another caveat in accurately determining power levels is to be sure that the voltage and
current waveforms displayed are the ones required to compute power at the port of interest. This is
not a trivial concern. In some cases, there may be some ambiguity in deciding just which node
belongs to which port and even, "where" is the port of interest. Unfortunately, PSPICE does not at
present have an automatic node numbering feature in its schematic that is displayed on the monitor
screen. In these cases, it helps to recall the definition of a port as an aperture through which EM
energy can pass; for discrete component circuits, a port is simply a discrete wire pair in which current
into one wire equals current out of the other wire. It may also help to redraw the schematic with an
ambiguous port. In some cases, especially using device models from the simulator library, it may help

to purposely omit a wire connection using the schematic editor. PSPICE will then fail the ERC and
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display an error message that states which pin or node is floating. As a last resort, which some
analysts may prefer from the start, there is always thé option of turning on a node numbering table
and viewing it on the netlist in the notepad. This is done by accessing "options" in the analysis setup
menu and selecting node Y. Of course, even without the convenience of a node table, the netlist
always provides node identification and is also easily accessible through the notepad. However,
inspecting netlists to determine nodes does add some more steps and windows, and may inconvenient.

In processing power level data, the analyst is also reminded that while PSPICE provides a
"dB" operator as part of PROBE's analog arithmetic functions, it is valid only for voltage or current
waveforms. That is, dB = 20 log (whatever ratio). To compute power, one must premultiply it by
a factor of (0.5). Also, when printing schematics or data plots, be sure to highlight the area you want
printed. To do this, first view the entire page and then select the print area desired by placing the
cursor in one corner and then dragging it to form a bounded rectangle. In the print dialogue, check
the box for "print only selected area".

In the following figures, we present various configurations of power meters to illustrate the
ideas. Figure 2-1 shows a power meter using E and H devices (voltage dependent, voltage sources
and current dependent, voltage sources - respectively) to sample the respective voltage and current
waveforms. This meter also uses high pass ABMs to filter the dc basebands. Note that the product
of filtered voltage and current waveforms is implemented with a multiplier ABM, so that the outputl
"voltage" is really dc filtered, time-varying power. Figure 2-2 shows response data for the previous
power meter. Note the error in (c): doing an rms of the product of voltage and current is incorrect
power - average power is the product of rms voltage and rms current. Figured 2-2 (b) and (h) are
correct. Figures 2-3 and 2-4 show more calibrations. Figure 2-5 shows a power meter which does
not use ABM filters: it uses blocking capacitors, instead. Note the R10 is set equal to 1 T ohm to

satisfy ERC. Figure 2-6 show its relevant response waveforms. Figures 2-7 and 2-8 show more data.
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Doing EM assessments on systems and circuits.requires EM sources to be effectively wired
into victim ports as both series and parallel drivers to approximate electric and magnetic coupling.
It is of interest to see how the respective powers combine in those cases. Figure 2-9 shows two
identical voltage sources in parallel and each having the same available power. A simple exercise
using Millman's theorem will show that these combined voitage sources should deliver double their
available powers to the load R3. This occurs when the load conductance is twice the source
conductances. Figured 2-10 and 2-11 show the results of the parametric variation of load R3, and
clearly indicate a maximum power delivered when G3 is equal to 40 mS, consistent with the power
transfer theorem. Figures 2-12 thru 2-14 show the dual case - identical voltage sources in series.
Now, maximum power is delivered when the R3 load resistance is twice the source resistances.
Figures 2-15 and 2-16 show the same sources in series but now use a special kind of independent
voltage source - a "dead" source - to measure current through its branch load. A "dead" voltage
source is simply a source with a zero voltage attribute. PSPICE will still compute a response current
through it, so that a dead source becomes, in effect, an ideal ammeter. This ruse only works with
PSPICE independent voltage sources; an independent current source cannot have a zero ampere
attribute. Figures 2-17 and 2-18 show "dead" sources can also be dc sources and function equally
well as ammeters.

These power meter macros and variations will be used throughout this report. In some
sections that follow where it is not apparent from the schematic how power levels were determined,
they were very likely determined using tailored mathematical macros directly in PROBE, as discussed

previously. In these cases, the plots should be annotated as such.
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Figure 2-1 RF Power Meter with Baseband Filters
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Figure 2-3 RF Power Meter for Calibrations




(A) POWRMTR3.DAT
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Time

Figure 2-4 Calibration Responses
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Figure 2-5 RF Power Meter with DC Blocking Capacitors




(A) POWRMTR2.DAT

e A e, — A ——— R el s

D.

V”‘
Os 2.0us 4.0us 6.0us 8.0us

V(powerout) avg( V({powerout))

(B) C€:\MSIM62\DANLIB\POWRMTR2.DAT

SEL>>,

707.7 mv

EEEEE R i R R bt R —
Os 2. Ous 4.0us 6.0us 8.0us
rms( V(MULT3:IN1))
Time

Figure 2-6 Blocking Capacitor Responses
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Figure 2-7 RF Power Meter for DC Blocking Capacitor Calibrations
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Figure 2-8 Blocking Capacitor Calibrations

2-12




137TVEVYd NI S30HNOS A9VLI0OA S

MW 0'S = €8 YIAMOd AVS I0IdSd
MW 0°S = €8 YIMOJd AVS SNOILLVINDTVO ANVH

MW G°Z = ZA ANV LA H3IMOd FT1aVIIVAVY XVIN

sSw o = 292=192=£9D S3JIND3IY .mm, NI ¥3Md XVYIN SO S31vddalivo

o)

MW 0'G = (§Z=) € "IMd "PAY wap ¥y = ZA 18Mmod ejqejieay wgp ¢ = LA 10M0d SiQehTAY

€O Jsu(eASu(EEA) = € "IMd ‘PAY
€9 . {dd(ex)N.AI(EWANIZ/L = € "IMd "BAY

{reax} ZN IN
ey gapou lopou
(0]=) jleny 0S 0S5
‘SH3I1INVEHVd
zy Ld

Zapou

Figure 2-9 Voltage Sources in Parallel

2-13




(((1y)1) swa.((zopou)a )swz)Bae

-
{(((zd)1 )sway((zopou)p )swa)bae 2
jllllillll|l|.||||i|l|li|ll.l.l!l|l!llll|||.l||IIIIIIIIIIllllllllllll'lllll!lll|l|lllll||llll|lllll|||||1|||\\130 -m
' ! M
' . : ) . \ ¥
! " g
" — _ "
—— e e e ) O
=SS e — ==
! | 5]
1 t
E e et T L MwQ P M\.W
"(((ed)1 )sway((zopou)a )swa)bae o
e I - MO A <
1 AVV 1'-‘
X Q (o]
! (.|
' S
) -]
| B
i o
; Ay
—_— e ————— e e e e R T T T T T T (=
1eay M“
N
0s St oY SE o€ T4 =
T IIIIIIIIIIII e o o e e e e o e - b e e e e o - B g, e e e L o oo Lo L mu
E

/ . . su op = £9 uaym ¢y ~.§ Jamod Xeyw

IYA°dZNIDANGITINYA\ZOWISK\ D (V)




(A) VGEN2P.DAT

T T T ———— =
1 ]
[} i
] I
] I
i ]
1 ]
I ]
' ]
1 1
1 1
1 ]
] ]
| ]
[} ]
i |
[l |
) )
[} t
| Max Power in R3 when G3 = 40 mS (R3 = 25 ohms) X
] ]
| ' !
t ]
t ]
i )
1 ]
I ]
] 1
] 1
1 I
: |
1 1
] 1
1 '
OWH-mmmmm e o - T B L EEEE PP T T qmmmmmmmmmmmm——een -
Os 2.0us 4.0us 6.0us 8.0us
rfpower
Time
(B) C:\MSIM62\DANLIB\VGEN2P.DAT
5.0mW ittt il 2
I L]
] 1
' ]
1 ]
[} ]
' (25.000,4.9223m '
: |
1 4
[l '
i ]
I :
+ [}
] )
1 ]
{ ]
4 . Smw o+ . . . . . . . . . . . ]
X Max Power in R3 when G3 = 40 mS '
l ‘ :
] ]
[} ]
t ]
[} 1
| '
1 ]
[} ]
[} ]
] 1
] I
[} '
1 ]
1 ]
' 1
1
4.0mW+----~--=~=-c---- T e Qe e —————— -~ L i pe=-=====--=--- ~
10 20 30 40 50 60

Max( rfpower)

Rval

Figure 2-11 Maximum Power Theorem for Sources in Parallel
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3. 54ALS03 NAND GATES

This section presents susceptibility threshold data on advanced, low power Schottky NAND
gates packaged as quadruple, 2-input, positive logic with open collector outputs. During these runs
some difficulty was encountered with convergence. First, the error message "unable to run PROBE"
usually meant that the notepad window was open. Using some library models with DC (battery
symbol) bias sources may require a very small resistor (<< 1 ohm) in series with the DC sources to
permit bias point convergence. Otherwise, the simulator will not run for some unknown reason(s).
In using DC batteries as bias supplies, recall that two minus polarities make a positive: for example,
counting the minus plate of the battery as negative and counting the minus attribute of the battery part
means that the battery will supply positive voltage. The numerical sign of attribute values for
simulation-specific parts in the symbol library count in determining part polarity as well as the graphic
polarity shown on the schematic. Also, to assure reasonable convergence at some nodes may require

a step ceiling in the setup for transient analysis. A step ceiliﬁg of 1 ps seemed to be adequate.
Figure 3-1 shows the baseline gate and its logic resﬁonse to two overlapping input pulses.
Figure 3-2 shows the gate being driven with 10 MHz voltage source in parallel with its Vcc bias rail.
Also shown are responses where no logic upset was observed for input cw levels up to about 180
mW. Figure 3-3 shows the gate being dﬁven with a 10 MHz current source in parallel with its Vcc
bias rail. Again, no logic upset was observed for very low input cw levels up to 40 uW. Figure 3-4
shows the gate being driven with a 10 MHz voltage source in series with its Vcc bias rail. While
there does not seem to be a logic upset (i.e., output is still low), there is considerable ripple that may
effect the noise margin of the succeeding gates. Figure 3-5 presents detail data on the ripple build-up
for input cw powers levels from 5.3 dBmto 11.5 dBm. Figure 3-6 shows the gate being driven with
a 30 MHz current source in series with its logic inl. Figure 3-7 shows the build-up of threshold

susceptibility for cw levels from 4.6 dBm to 19.4 dBm with advent of bit errors around 12 dBm.
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Figure 3-8 shows the gate being driven with a 10 MHz voltage source in parallel with logic inl. As
indicated, on upset was observed for cw input levels. from about 80 mW to 120 mW. Figure 3-9
shows the gate being driven with a 10 MHz voltage source in series with its logic inl. Upset levels
are apparent. Figure 3-10 shows detail build-up of susceptibility for cw levels from 5.5 dBm to 11.5
dBm. Some output noise and digital upset is apparent at threshold levels between 5 and 7 dBm.
Figure 3-11 shows the gate being driven with a 20 MHz voltage source in series with its logic inl.
Again, upset levels are apparent only higher than before. Figure 3-12 shows the detail build-up of
susceptibility for cw levels from 10.7 dBm to 16 dBm. Note that the upset thresholds seem to now
be higher at around 10 dBm as compared to those at 10 MHz. It seems that the gate needs more EM
power to cause upset as frequency increases. Figure 3-13 shows the gate now driven at 30 MHz.
Again, upset threshold levels seem to require more cw power at around 12.5 dBm. Figure 3-14 gives
more detail of the build-up. Figure 3-15 shows the gate being driven with a 10 MHz voltage source
in parallel with logic in2 to compare with Figure 3-8. Again, no logic upset was observed for cw
input levels from about 50 mW to 100 mW.

Figures 3-16 (a-q) presents the total simulation output file for the gate shown in Figure 3-17.
It is being driven by a 10 MHz voltage source at the base of Q3 transistor inverter. Note the
"RFameter" dead source to monitor input current into the inverter input port defined by the Vrfin
label. Figure 3-17 shows apparent upset in the range of input cw level between 5 and 70 mW. Figure
3-18 shows first cull detail of the susceptibility build-up for data between - 8 dBm and 15.6 dBm.
Note that when the EM source levels drop very low below 6.9 dBm down to - 8 dBm, the EM source
is now essentially short circuiting the Q3 inverter input to ground and causes the gate to latch to Veec.
This does not seem realistic. Simulating very low level EM signals by simply lowering the equivalent
source amplitude in this manner gives questionable results. Figure 3-19 shows further culled detail

of the susceptibility build-up for data between 12.8 dBm and 6.9 dBm. As indicated, the transition
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from latch-up to bit errors seems to occur between 10.9 dBm and 11.9 dBm. Figure 3-20 steps the
frequency range up to 20 MHz at the inverter inpuf. Figure 3-21 shows detail of the first cull,
susceptibility build-up for cw input levels between 17.8 dBm and - 6.6 dBm. The transition from
latch-up to bit errors seems to occur between 14.1 dBm and 15.7 dBm, slightly higher than power
required for 10 MHz in figure 3-19. Figure 3-22 shows a more detail cull of the susceptibility build-
up for cw input levels between 13.76 dBm and 15.39 dBm. The culled measure of the transition now
seems to be around 14.45 dBm; again, higher than that at 10 MHz. Figure 3-23 steps the frequency
up to 30 MHz at the inverter input. Figure 3-24 shows threshold data for input cw levels sweeping
from 5 mW to 50 mW. Figure 3-25 show detailed culls of power levels between 15.41 dBm and
16.88 dBm. Upset seems to threshold around 16 dBm, again higher than that noted for the previous

two lower frequencies.
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{ 1
A A pommmmm—————m oo n
Os 0.5us 1.0us Os 0.5us 1.0us
V(INl) V(IN2) V(OUT) V(IN1) V(IN2) V(OUT)
Time Time
(C) C:\MSIM62\DANLIB\NAND4VG1l.DAT (F) C:\MSIM62\DANLIB\NAND4VG1l.DAT

Os 0.5us 1.0us Os 0.5us 1.0us
V(IN1) V(IN2) V(OUT) V(IN1) V(IN2) V(RfAmeter:-)
Time Time

Figure 3-12 Susceptibility Threshold Build-Up
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0 Vcc
D5 D1
R1 DIN75 IN1
Vee o— A ——s3 o
17.0k D1N752 DIN752 R2 >8.0k 1.0k R4
2
D6 Q2N3932 OUT
Q1 -
D1N752 D3
D7D1N752 QZN3932
IN2
O
D1N752 D4
1N752
\Y/
IN2 ° RFammeter

Vee

s—i—o?

IN1
Rrt ov(~
v2 V1
50 )
PARAMETERS:
0 Vrfampi 2.5
vrf
o]

54ALS03 NAND GATE: (SERIES) 30MHZ @ LOGIC IN1

(A) C:\MSIM62\DANLIB\NAND3VG1.DAT

B0 bl it fiodocter
. : Maximum Input W
Q""" -~ e i il ) R R L g -
o] 1.0 2.0 3.0 4.0
Max( rfpower)
Vrfampl
200MW — == === = = = = o m e e m e m e e e oo oo e me oo e oo e m S oS C oo CCooo-e--o------o- -
' :fpower-rms(V( IN1)-avg(V(IN1)) ) *rms (I (RFammeter)-avg( I(RFammeter))) .,
SEL>>, ;
ow : = = =
Os 0.5us 1.0us 1.5us 2.0us
rfpower

Figure 3-13 30 MHz Voltage Source in Series with LOGIC IN1
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(A) NAND3VG1l.DAT

Average rfpower = 4.6 dBm

V(OUT)  V(IN1)

Time

V(IN2)

(B) C:\MSIM62\DANLIB\NAND3VG1.DAT

SEL>> | //"_}f
QV F=======-==~=~

Os 1.0us 2.0us
V(IN1) V(IN2) V(OUT)
Time

(C) C:\MSIM62\DANLIB\NAND3VG1.DAT

V(IN1)  V(IN2)

Time

V(OUT)

(D) C:\MSIM62\DANLIB\NAND3VG1.DAT

V(IN1) V(IN2)

Time

V(OUT)

(E) C:\MSIM62\DANLIB\NAND3VG1l.DAT

V(IN1) V(IN2)

Time

v(ouT)

(F) C:\MSIM62\DANLIB\NAND3VG1.DAT

V(IN1)

V(IN2)
Time

vV (OUT)

Figure 3-14 Susceptibility Threshold Build-Up
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o] Vee

D1 L ?
R1
Vee oA, D1 N752T pode2 |
17.0k D1N752 R2 28.0k 1.0k R4
Q2N3932
D6 de1 ouT
[: gl 1 N752 node Q1 X o
D1N752
D1 N752 @z RS JT
D7 Q2N3932
nodelgg R3 5.0k
D1N752 <|7
1 N752 o
Vce RFammeter
Vee _l Rrf IN2 IN1
\V 50 v2 V1
PARAMETERS:
Vrfampl 1m
[s) (o]
vrf
(o]

54ALS03 NAND GATE.: 10MHZ @ LOGIC IN2

(A) C:\MSIM62\DANLIB\NAND6EVG2.DAT

Os 0.5us 1.0us 1.5us 2.0us
RFPOWER

QVF===r==rr--r-mm -~ e P - - — S s s s e —
Os 0.5us 1.0us 1.5us 2.0us
V(IN1) V(IN2) V(OUT)
Time

Figure 3-15 10 MHz Voltage Source in Parallel with LOGIC IN2
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NAND1VGS.OUT

kkk% 07/22/96 15:22:39 ***% Win32s PSpice 6.2 (April 1995) **** ID
# 77047 *k¥k

* C:\MSIM62\DANLIB\NAND1VGS.SCH

*kkk CIRCUIT DESCRIPTION

******************************************************************
d Je d % e Je & ke ke de Kk K

* Schematics Version 6.2 - April 1995
*# Mon Jul 22 11:22:36 1996

.PARAM Vrfampl=1lm

*% Analysis setup **
.tran .lus 2us 0 1n

.four 10MEG 3 v([out])
.OPTIONS NODE

.STEP PARAM Vrfampl LIST
+ 1m 100m 1 2 2.5 3 4

* From [SCHEMATICS NETLIST] section of msim.ini:
.1ib C:\MSIM62\LIB\MAGNETIC.LIB
.1ib nom.1lib '

.INC "NAND1VGS.net"

*%*%* INCLUDING NAND1VGS.net **¥%*
*# Schematics Netlist *

D_D8 0 IN1 DIN752

D_D9 $N 0001 IN1 DIN752
D_D10 $N_0001 IN2 DIN752
D_D11 0 IN2 DIN752

D_D12 $N 0002 IN1 DIN752
D_D13 $N_0002 $N_0001 D1N752
D_D14 $N_0002 IN2 DIN752
R_R6 Vec $N 0002 17.0k
R_R7 $N_0003 Vcc 8.0k
R_R8 0 $N_0004 5.0k
R_R9 .Vec OUT 1.0k

Figure 3-16 (a) Simulation Output File
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NAND1VGS.OUT

Q 03 SN 0003 $N_0001 $N_0004 Q2N3932
Q 04 OUT $N_0004 0 Q2N3932
V_Vce Vec 0 5V

vV V2 IN2 O

+PULSE .5 3.5 .75u 0 0 .5u 1s

R Rrf $N_0006 $N 0005 50
V_Vrf $N_0005 0

+SIN 0 {Vrfampl} 10MEG 0 0 O

V_V1 IN1 ©

+PULSE .5 3.5 .5u 0 0 .5u 1s

R R10 0 ouT 1T

V_RFameter $N_0001 $N_0006

4SIN O 0 10MEG 0 0 O

*%%% RESUMING NAND1VGS.CIR ***%*
.INC "NAND1VGS.als"

*%%* INCLUDING NAND1VGS.als **%%
* Schematics Aliases *

.ALIASES
D D8 D8 (1=0 2=IN1 )
D_D9 D9 (1=$N_0001 2=IN1 )
D_D10 D10 (1=$N_0001 2=IN2 )
D D11 D11(1=0 2=IN2 )
D_D12 D12 (1=$N_0002 2=IN1 )
D_D13 D13 (1=$N_0002 2=$N_0001 )
D D14 D14 (1=$N_0002 2=IN2 )
R_R6 R6 (1=Vcc 2=$N_0002 )
R R7 R7 (1=$N_0003 2=Vcc )
R_R8 R8 (1=0 2=SN_0004 )
R _R9 R9 (1=Vcc 2=0UT )
Q 03 Q3 (c=$N_0003 b=$N_0001 e=$N_0004 )
Q 04 Q4 (c=OUT b=S$N_0004 e=0 )
V_Vcc Vec (+=Vce -=0 )
v V2 V2 (+=IN2 -=0 )
R Rrf Rrf (1=$N_0006 2=$N_0005 )
V_Vrf Vrf (+=$N_0005 -=0 )
vV V1 V1(+=IN1 -=0 )
R _R10 R10(1=0 2=0UT )
V_RFameter RFameter (+=$N_0001 -=$N_0006 )
_ _ (OUT=0UT)
_ _(Vece=vcce)

__(IN2=IN2)
_ _ (IN1=IN1)
. ENDALIASES

*%%* RESUMING NAND1VGS.CIR **%*

Figure 3-16 (b) Simulation Output File, cont'd.

3-20




NAND1VGS.OUT

.probe

. END

kkkk 07/22/96 15:22:39 *%** Win32s PSpice 6.2 (April 1995) *%k%x% TID
# 77047 *k¥x*%

* C:\MSIM62\DANLIB\NAND1VGS.SCH

hkkk ELEMENT NODE TABLE

******************************************************************
dddkkkdkdkkkkk

0 D D8 Q 04 R RS vV Vi vV _v2
D D11 R_R10 V_Vce V_Vrf

IN1 D_D8 D_D9 vV V1 D_D12

IN2 V_v2 D_D10 D D11 D_D14

out Q 04 RR9  R_RIO

Vee R_R6 R _R7 R_R9 V_Vee

$N_0001 D D9 Q 03 D_D10 D_D13 V_RFame

ter

$N_0002 R_R6 D D12 D_D13 D D14

$N_0003 Q_Q3 R_R7

$N_0004 Q 03 Q 04 R RS

$N_0005 ~ R_Rrf V_Vre

$N_0006 R_Rrf V_RFameter

Fxxx 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) *¥** ID
# 77047 *xkx

* C:\MSIM62\DANLIB\NAND1VGS.SCH

kkkk Diode MODEL PARAMETERS

Figure 3-16 (c) Simulation Output File, cont'd.
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NAND1VGS.OUT

kdedkkkhkhkhhkhkdkkhhkhkhhkdhkkhkhkhhkhkhhkkhkhkhkkkhhhkhkhkkhhkhkhhhkhkkhkidkhkhhkhikkkdhkdk

khkkkkhkkkhkhkk

Is
ISR
BV
IBV
NBV
IBVL
NBVL
RS
CJo
vJ
M
TBV1

*k%k% 07/22/96
# 77047 *xkx

D1N752
1.154000E-15
1.625000E-09
5.6

.062583
.62382
631.960000E-06

50

.9471
150.000000E-12

.75

.5788
267.860000E-06

15:22:39 **** Win32s PSpice 6.2 (April 1995) #**** ID

* C:\MSIM62\DANLIB\NAND1VGS.SCH

kkkk

BJT MODEL PARAMETERS

khkhkkkhhhhkhhkhhhhhkhkhhkhkkkhkhkhkhkhkhkkhkhkhkhhkhhhhhhhkhhkhkkhkkhhhkhkhhhhhkhkkhkkhhkkhk

hkdkkkkdkkhkkk

Is
BF
NF
VAF
IKF
ISE
NE
BR
NR

RBM

Q2N3932
NPN
69.280000E~-18
285
1
100
.02192
69.280000E-18
1.176
1.179
1
10
10

Figure 3-16 (d) Simulation Output File, cont'd.

3-22




NAND1VGS.OUT

RC 4

CJE 939.800000E-15
MJE .3453

CJC 893.100000E-15
MJC .3017

TF 141.100000E-12
XTF 30
VTF 10

ITF .27

TR 1.588000E-09
XTB 1.5

*kkkx 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) **** ID
# 77047 *kk%

* C:\MSIM62\DANLIB\NAND1VGS.SCH

*kkk INITIAL TRANSIENT SOLUTION TEMPERATURE = 27.000
DEG C A

Fedek ok CURRENT STEP PARAM VRFAMPL = 1.00
00E-03

kdkkkhkhkkhkhkdhhkhdhhhdhhhkhhhkhhkhhkdkhhhkhkkhdhhhkhhhhhhhdkhhkhhhhhhkhhkhhkkhdkk
% &k ke dkdkkkdkkk

NODE  VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE V

OLTAGE

( IN1) .5000 ( 1IN2) .5000 ( out) 5.0000 ( Vcc)
5.0000

($N_0001) .0140 ($N_0002) .6649

($N_0003) 5.0000 ($N_0004) 47.45E-09

($N_0005) 0.0000 ($N_0006) .0140

VOLTAGE SOURCE CURRENTS

Figure 3-16 (¢) Simulation Output File, cont'd.
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NAND1VGS.OUT

NAME CURRENT

V_Vcc -2.550E-04
vV_v2 -2.433E-05
v vrt 2.792E-04
vV V1 -2.433E-05

V_RFameter  2.792E-04

TOTAL POWER DISSIPATION 1.30E-03 WATTS

*kk*x 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) #***% ID
# 77047 *kkx

* C:\MSIM62\DANLIB\NAND1VGS.SCH

*kkk FOURIER ANALYSIS TEMPERATURE = 27.000
DEG C

*kkk CURRENT STEP PARAM VRFAMPL = 1.00
00E-03

khkkkhkhkhkhdhhhkhkhkhkdhhhkkhkhhhkhkhkhkhhhhkhkdhhhkhhkhkkdkkhhkhhkhkkdkhhhkhkhkhdhhhkhkkkkkkhr
J % de &k k dek gk kk

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(out)

DC COMPONENT = 5.000000E+00
HARMONIC  FREQUENCY FOURIER NORMALIZED PHASE NOR
MALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHAS

E (DEG)

1 1.000E+07 4.928E-06 1.000E+00 9.643E+01 0.0
00E+00

2 2.000E+07 9.646E-09 1.957E-03 2.374E+01  ~-7.2
69E+01

3 3.000E+07 4.258E-08 8.642E-03 ~-4.476E+01 =-1.4
12E+02

TOTAL HARMONIC DISTORTION = 8.860569E-01 PERCENT

*k**% 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) #***% ID

Figure 3-16 (f) Simulation Output File, cont'd.
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NAND1VGS.OUT

# 77047 *kk%

* C:\MSIM62\DANLIB\NAND1VGS.SCH

* % Kk INITIAL TRANSIENT SOLUTION TEMPERATURE = 27.000
DEG C
%%k CURRENT STEP PARAM VRFAMPL = .1

******************************************************************

i % o o & & % % % de %k ok %k
NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE v

| OLTAGE

|

? ( IN1) .5000 ( 1IN2) .5000 ( out) 5.0000 ( Vcc)

\ 5.0000

\ ($N_0001) .0140 ($N_0002) .6649
($N_0003) 5.0000 ($N_0004) 47.45E-09
($N_0005) 0.0000 ($N_0006) .0140

VOLTAGE SOURCE CURRENTS

NAME CURRENT

V_Vce -2.550E-04
v V2 -2.433E-05
vV Vrf 2.792E-04
vV V1 -2.433E-05

V_RFameter  2.792E-04

TOTAL POWER DISSIPATION 1.30E-03 WATTS

*#xx 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) *¥** ID
# 77047 *xk*

Figure 3-16 (g) Simulation Output File, cont'd.
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NAND1VGS.OUT

* C:\MSIM62\DANLIB\NAND1VGS.SCH

*dkk FOURIER ANALYSIS TEMPERATURE = 27.000
DEG C
*kkk CURRENT STEP PARAM VRFAMPL = .1

khkhkkkkkhkhkhhkhkhkhkhkhkhkhkhkhkhkhhhkhhhhhkkhhkhhdkhkkkhhhdhkdkhkhdhdkhkhkhhhhkhhhkhhdkd
khkdkkdkkkkkkk

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(out)

DC COMPONENT =  4.999999E+00
HARMONIC  FREQUENCY FOURIER NORMALIZED PHASE NOR
MALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHAS
E (DEG)
1 1.000E+07 4.979E-04 1.000E+00 9.639E+01 0.0
00E+00
2 2.000E+07 6.242E-06 1.254E-02 -1.174E+02 -2.1
38E+02
3 3.000E+07 7.922E-07 1.591E-03 3.264E+01 -6.3
76E+01

TOTAL HARMONIC DISTORTION = 1.263628E+00 PERCENT

*%kk% 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) **** ID
# T7047 *kkx

* C:\MSIM62\DANLIB\NAND1VGS.SCH

*kkk INITIAL TRANSIENT SOLUTION TEMPERATURE = 27.000
DEG C
kkkk CURRENT STEP PARAM VRFAMPL = 1

dkhkhkkhkhkkkkkdhkkhhhkhhkhhkhhhkhkhhhkhhhhhhhhhhkhhhhhhhkhhhhhhhhhhkhhkkhhhkrhkd
khkhkkkkkkkhkk

Figure 3-16 (h) Simulation Output File, cont'd.
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NAND1VGS.OUT
NODE VOLTAGE NODE  VOLTAGE NODE  VOLTAGE NODE V
OLTAGE
( IN1) .5000 ( IN2) .5000 ( out) 5.0000 ( Vcc)
5.0000
($N_0001) .0140 ($N_0002) .6649
($N_0003) 5.0000 (SN_0004) 47.45E-09
($N_0005) 0.0000 ($N_0006) .0140

VOLTAGE SOURCE CURRENTS

NAME CURRENT

V_Vcc -2.550E-04
V_Vv2 -2.433E-05
V_Vrf 2.792E-04
v_vi ~-2.433E-05

V_RFameter  2.792E-04

TOTAL POWER DISSIPATION 1.30E-03 WATTS
kkkk 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) #**** ID
# 77047 *kkk :

* C:\MSIM62\DANLIB\NAND1VGS.SCH

% bk ok FOURIER ANALYSIS TEMPERATURE = 27.000
DEG C :
dede ek CURRENT STEP PARAM VRFAMPL = 1

kkkkhkhhkdkhhkhkhhkhkkhkkdkhkkkhkhkkhhkkhhhkhkhhkhkhkhkdkhhhkhkhhkhhhkhhhhhkhhhkdkhhkhkhk
khkkkkkkkkkkk

Figure 3-16 (i) Simulation Output File, cont'd.
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NAND1VGS.OUT

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(out)

DC COMPONENT =  4.999991E+00
HARMONIC  FREQUENCY FOURIER NORMALIZED PHASE NOR
MALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHAS
E (DEG)
1 1.000E+07 5.111E-03 1.000E+00 9.573E+01 0.0
00E+00
2 2.000E+07 7.985E-04 1.562E-01 =-1.283E+02 -2.2
40E+02
3 3.000E+07 2.219E-04 4.342E-02 2.628E+01 =-6.9
45E+01
TOTAL HARMONIC DISTORTION =  1.621584E+01 PERCENT

*kk*x 07/22/96 15:22:39 ***k* Win32s PSpice 6.2 (April 1995) **%% ID
# TT047 *kk%

* C:\MSIM62\DANLIB\NAND1VGS.SCH

*k kK INITIAL TRANSIENT SOLUTION TEMPERATURE = 27.000
DEG C
*kkk CURRENT STEP PARAM VRFAMPL = 2

(X2 X222 2222222222 2222222222222 222222 2 22222 X X222 22 X 2 X2 22 2 2 2 X 2L 2]
de e % d ke k ke kkkk

NODE  VOLTAGE NODE  VOLTAGE NODE  VOLTAGE NODE V

OLTAGE

( IN1) .5000 ( 1IN2) .5000 ( out) 5.0000 ( Vcc)
5.0000

($N_0001) .0140 ($N_0002) - .6649

($N_0003) 5.0000 ($N_0004) 47.45E-09

Figure 3-16 (j) Simulation Output File, cont'd.
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NAND1VGS.OUT

($N_0005) 0.0000 ($N_0006) .0140

VOLTAGE SOURCE CURRENTS

NAME CURRENT

V_Vcc -2.550E-04
vV_Vv2 -2.433E-05
vV Vrf 2.792E-04
v_v1 -2.433E-05

V_RFameter  2.792E-04

- TOTAL POWER DISSIPATION  1.30E-03 WATTS
kkkkx 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) *#** ID
# 77047 kkxk

* C:\MSIM62\DANLIB\NAND1VGS.SCH

Fedkk FOURIER ANALYSIS TEMPERATURE = 27.000
DEG C
* Kk K CURRENT STEP PARAM VRFAMPL = 2

kkhkkhkhkhhhkhhhkhhkhkhkhkhkhkhkkkkkhkkhhhhdhkhhhhhhhhhkhkhkhkhhhkkhkkkkkkhkkhkhkkhhkhkhk
% Je Je % Kk d ek kk kK

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(out)

DC COMPONENT =  4.999982E+00
HARMONIC  FREQUENCY FOURIER NORMALIZED PHASE NOR
MALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHAS
E (DEG)
1 1.000E+07 1.048E-02 1.000E+00 7.024E+01 0.0
00E+00 :

Figure 3-16 (k) Simulation Output File, cont'd.
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NAND1VGS.OUT

2 2.000E+07 6.447E-03 - 6.153E-01 ~-1.593E+02 ~-2.2
96E+02

3 3.000E+07 2.776E-03 2.650E-01 2.972E+01 -4.0
53E+01

TOTAL HARMONIC DISTORTION = 6.699384E+01 PERCENT

*kk%x 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) *%*** ID
# 77047 *kk*

* C:\MSIM62\DANLIB\NAND1VGS.SCH

*kkk INITIAL TRANSIENT SOLUTION TEMPERATURE = 27.000
DEG C
%k ok ok CURRENT STEP PARAM VRFAMPL = 2.5

hhdkkhkhkhkhkhkdkdhkkkdkhhhhhhkhdkdkhkhkhkhkhhhhhhkhhhkhkkkhkdhkdkkkhhkhhkhkhhhhkhhhkhkhhkd
% de ok de ke k ke kk Kk kk

NODE VOLTAGE NODE VOLTAGE NODE  VOLTAGE NODE V
OLTAGE
( 1IN1) .5000 ( IN2) .5000 ( out) 5.0000 ( Vcc)
5.0000
($N_0001) .0140 ($N_0002) .6649
($N_0003) 5.0000 ($N_0004) 47.45E-09
($N_0005) 0.0000 ($N_0006) .0140

VOLTAGE SOURCE CURRENTS

NAME CURRENT

V_Vcc -2.550E-04
vV_v2 -2.433E-05
v_vrf 2.792E-04

Figure 3-16 (I) Simulation Output File, cont'd.
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NAND1VGS.OUT

v_vi ~2.433E-05
V_RFameter 2.792E-04

TOTAL POWER DISSIPATION 1.30E-03 WATTS
kkxk 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) *#**%* ID
# 77047 *¥k*

* C:\MSIM62\DANLIB\NAND1VGS.SCH

*kkk FOURIER ANALYSIS TEMPERATURE = 27.000
DEG C
*dkk CURRENT STEP PARAM VRFAMPL = 2.5

******************************************************************
% % e % % % J J g ko Kk Kk

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(out)

DC COMPONENT = 4.999976E+00
HARMONIC  FREQUENCY FOURIER NORMALIZED PHASE NOR
MALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHAS
E (DEG)
1 1.000E+07 1.268E-02 1.000E+00 7.113E+01 0.0
00E+00
2 2.000E+07 7.089E-03 5.591E-01 -1.561E+02 -2.2
73E+02
3 3.000E+07 1.771E-03 1.397E-01 1.702E+01  =-5.4
11E+01
TOTAL HARMONIC DISTORTION = 5.762982E+01 PERCENT

2
C¥%%% 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) %% ID

# T7047 ****

* C:\MSIM62\DANLIB\NAND1VGS.SCH

Figure 3-16 (m) Simulation Output File, cont'd.
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NAND1VGS.OUT

ek k INITIAL TRANSIENT SOLUTION TEMPERATURE = 27.000
DEG C
* ek k CURRENT STEP PARAM VRFAMPL = 3

hhkkkhhkkkhkhkhkkhkkhkhkhhhkhhkhhhkhhkhhkhkhkhkkhbhhhhhdhhhhhhhhhhhhhhhhkhkhhhkhhkdhkdhk
kkhkkkkkkhkkkkk

NODE  VOLTAGE NODE  VOLTAGE NODE VOLTAGE NODE V

OLTAGE

( IN1) .5000 ( 1IN2) .5000 ( out) 5.0000 ( Vcc)
5.0000

($N_0001) .0140 (S$N_0002) .6649

($N_0003) 5.0000 ($N_0004) 47.45E-09

($N_0005) 0.0000 ($N_0006) .0140

VOLTAGE SOURCE CURRENTS

NAME CURRENT

V_Vce -2.550E-04
V_V2 -2.433E-05
V_Vrf 2.792E-04
vV Vi =2.433E-05

V_RFameter  2.792E-04

TOTAL POWER DISSIPATION  1.30E-03 WATTS
k*k* 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) *%x* ID
# 77047 *kk

* C:\MSIM62\DANLIB\NAND1VGS.SCH

ko FOURIER ANALYSIS TEMPERATURE = 27.000
DEG C

Figure 3-16 (n) Simulation Output File, cont'd.
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NAND1VGS.OUT

kkkk CURRENT STEP PARAM VRFAMPL = 3

******************************************************************
o % %k Kk Kk k ok ok kk

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(out)

DC COMPONENT =  4.999973E+00
HARMONIC  FREQUENCY FOURIER NORMALIZED PHASE NOR
MALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHAS

E (DEG)

1 1.000E+07 1.416E-02 1.000E+00 7.462E+01 0.0
00E+00

2 2.000E+07 7.222E-03 5.101E-01 -1.590E+02  -2.3
37E+02

3 3.000E+07 2.314E-03 1.634E-01 -1.897E+01  =9.3
59E+01

TOTAL HARMONIC DISTORTION =  5.356340E+01 PERCENT

kkk%x 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) *%%% ID
# 77047 *%**%

* C:\MSIMGZ\DANLIB\NANDlVGS.SCH

* % %k INITIAL TRANSIENT SOLUTION TEMPERATURE = 27.000
DEG C
*kkk CURRENT STEP PARAM VRFAMPL = 4

******************************************************************
kkkkkkkkkkkk

NODE VOLTAGE NODE VOLTAGE NODE VOLTAGE NODE \Y
OLTAGE

Figure 3-16 (o) Simulation Output File, cont'd.
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NAND1VGS.OUT

( IN1) .5000 ( 1IN2) .5000 ( out) 5.0000 ( Vcc)
5.0000

($N_0001) .0140 ($N_0002) .6649

($N_0003) 5.0000 ($N_0004) 47.45E-09

($N_0005) 0.0000 ($N_0006) .0140

VOLTAGE SOURCE CURRENTS

NAME CURRENT
V_Vece -2.550E-04
v V2 -2.433E-05
vV vre 2.792E-04
v Vi -2.433E-05

V_RFameter  2.792E-04

TOTAL POWER DISSIPATION 1.30E-03 WATTS
*kk% 07/22/96 15:22:39 **** Win32s PSpice 6.2 (April 1995) *#**x ID
# 77047 **k*% .

* C:\MSIM62\DANLIB\NAND1VGS.SCH

* kK FOURIER ANALYSIS TEMPERATURE = 27.000
DEG C
hdkkk CURRENT STEP PARAM VRFAMPL = 4

hhkhhhhhhkkhhkkhkhhhkhhkhhkhkhkhkhkkhkhkkhkhkhkhkkkhkhkhkhkhkhkhhhhkkhkkhkkhkhhkkkkhkkkhkhd
hkhkkkkhkkkkkk :

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(out)

Figure 3-16 (p) Simulation Output File, cont'd.

3-34




e

NAND1VGS.OUT

DC COMPONENT =  4.999911E+00
HARMONIC  FREQUENCY FOURIER  NORMALIZED PHASE NOR
MALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHAS

E (DEG)

1 1.000E+07 1.647E-02 1.000E+00 8.125E+01 0.0
00E+00

2 2.000E+07 8.485E-03 5.152E-01 ~-1.686E+02 -2.4
99E+02

3 3.000E+07 4.548E-03 2.761E-01 -2.312E+01 -1.0
44E+02

TOTAL HARMONIC DISTORTION = 5.844951E+01 PERCENT

JOB CONCLUDED

TOTAL JOB TIME 104.19

Figure 3-16 (q) Simulation Output File, cont'd.
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(o} Vee
R6 D12 D8 ?
D1N75 IN1
~
Vee o AN/ >t * O
17.0k D1N752 R7 >8.0k 1.0k2 Rg
8
D13»—-ﬁ D1N752 vrfin_| oo | ouT
D1N752 D1 Q2N3932
D1N752 NI R10 < 1T
D14 IN2 R8 =5.0k
> . o)
D1N752 D11 T
1N752 o
Vee ' RFameter
i 0
Vee L Rrf IN2 IN1
S 50 V2 V1
i PARAMETERS:
0 Vrfampl 1m
() 0

Vrf

o]

S54ALS03 NAND GATE: 10MHZ @ INVERTER INPUT

(A) C:\MSIM62\DANLIB\NAND1VGS.DAT

100mM T - - s e e mm e e e e e e e e e mmmmmeoo o =
E Maximum Input Power Range /
! - :
0+ = e R R R B e T L e -
0 1.0 2.0 3.0 4.0
Max( RFPOWER)
Vrfampl
e e e D e T T R —— -
; : Average Powers In : |
o f"* .
ow . T |
Os 0.5us 1.0us 1.5us 2.0us
rms8(V(Vrfin)-avg( V(Vrfin)))*rms( I(RFameter)-avg( I(RFameter)))
Time
O e L E T -
! Upset Threshold ‘@ About 2 Vpp (rf) :
! I f 51 Wi '
OVﬂl'- """""""""" r———"‘“"‘/‘\l" -r ittt e _;
Os 0.5us 1.0us 1.5us 2.0us
V(IN1) V(IN2) V(OUT)

Figure 3-17 10 MHz Voltage Source at Inverter Input
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(A) NAND1VGS.DAT

V(IN1)

V(IN2)
Time

V(OUT)

(B) C:\MSIME62\DANLIB\NAND1VGS.DAT

B00uN T rage Input Power_ = = 6.9 dBm
H 3

SEL>>,
OWH-------coemm--= Fe=——=-m=-=——— - |
Os 1.0us 2.0us
rfpower
Time
10V r------c--=mrmmmce e mm e o m = 1
X Output Latched to Vcc '
] -~ |
] . 1
N VARV U NE—
Os 1.0us 2.0us
V(IN1) V(IN2) V(OUT)
Time

(C) C:\MSIM62\DANLIB\NAND1VGS.DAT

Os 1.0us 2.0us
rfpower
Time
10V T-~---==-~=--mecccmmmmc o ss o |
' Output Latched to Vce !
SEL>>, a2 NN '
QV F==-==-=-=F=--=-=-=== s S Sseme= 1
0s - 1.,0us 2.0us
V(IN1l) V(IN2) V(OUT)
Time

(D) C:\MSIM62\DANLIB\NAND1VGS.DAT

|  Average Input ?ower = 12.8 dBm.

-j/‘,v . !
1 1
OWH¥------=-=-=---=< R bbbt =

Os 1.0us 2.0us
rfpower

Time
10V p---~-=----===m-------S--sssssssooos |
! Output 'Errors !
SEL>>; // AR \\ !
1 . [
o el 1/ N— ,
Os 1.0us 2.0us

V(IN1) V(IN2) VvV (OUT)
Time

(E) C:\MSIM62\DANLIB\NAND1VGS.DAT

40mW §---==-=-=--=~----=-scss-sosoos-o- -
1 . [}
t d
-p[XCEEAge Input Power = 14.4 dBm,
) ’ '
OWK----=--=--=~==--~- qemmrmmmmo———e- -4
Os 1.0us 2.0us
rfpower

Time
10V p------==----=----=--s-ss--msssseo- |
' Output’ Errors !

SEL>>! ya AR \ .
S 7 1111 N ;
Os 1.0us 2.0us
V(IN1) V(IN2)  V(OUT)
Time

(F) C:\MSIM62\DANLIB\NAND1VGS.DAT

40N - = -=--m==m=m=mmmoeme-emmemmmnos -
\ .

' [MAverage Input .Power = 15.6 dBm,
SEL>>, :
OW K --mmmmmmmmm o= B -
Os 1.0us 2.0us

rfpower
Time
1OV o -m=mmmmmmmmeemmmmmmm=oeoooo oo .

' Output’ Errors

, alninls
R A (1| K1 | N N—— ‘
Os 1.0us 2.0us
V(IN2) V(IN1) V(OUT)
Time

Figure 3-18 First Cull Susceptibility Thresholds
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(A) NAND1VGS.DAT

Os 1.0us 2.0us
rfpower

Time
10V - e e e e e oo I
: Output Latched to Vcc '
SEL>>! : I
oV F======== [. __./___,._¥X ......... 1
Os 1.0us 2.0us

V(IN2) V(IN1l) V(OUT)
Time

(B) C:\MSIM62\DANLIB\NAND1VGS.DAT

Os 1.0us’ 2.0us
rfpower

Time
10V r-mmmmm e e e e e 1
' Output Latched to Vce '
SEL>>, yavaE O\ X
OV't' ------------- [ ot
Os 1.0us 2.0us

V(IN2) V(IN1) V(OuT)
Time

(C) C:\MSIM62\DANLIB\NAND1VGS.DAT

20MW - - m e e e ea. -
' Input Power = 9.8 dBm .
! : -
1 1
ow-ol-': ----------- e -
Os 1.0us 2.0us
rfpower

Time
10V p-mm e m e e e e ]
' Output Latched to Vecc '
SEL>>, / SN X
OV F========"===C--- r--~=============
Os 1.0us 2,.0us

V(IN2) V(IN1) V(OUT)
Time

(D) C:\MSIM62\DANLIB\NAND1VGS.DAT

Os 1.0us 2.0us
rfpower
Time
0V yr-m - mm e e eea el I
: Discernible Output Noise .
SEL>>, VARV \ '
OV F===========--- Fe-ST===TTTTS==TTT 1
Os 1.0us 2.0us
V(IN2) V({IN1) V{ouT)
Time

(E) C:\MSIM62\DANLIB\NAND1VGS.DAT

20mW - - - e e e L -
; Input Power = 11.9 dBm :
1 ]
' - 1
OWH¥--mmmmmm e il P —
Os 1.0us 2.0us
rfpower

Time
10V r---m s e |
! Output:Errors '
. —— ;
SEL>>| / NNERN |
OV F=========—==%1_. P~ T-- s seTT T 1
Os 1.0us 2.0us

V(IN2) V(IN1) v(OuT)
Time

(F) C:\MSIM62\DANLIB\NAND1VGS.DAT

, Input Power = 12.8 dBm

]
]
OW[T ----------- R -

Os 1.0us 2.0us
rfpower

Time
10V r-- - e e |
' Output Errors !
SEL>>: (r”q[ \\ o
1 . ]
OV A= A/ B )N N— ;
Os 1.0us 2.0us

V(IN2) V(IN1 V(OUT)
Time

Figure 3-19 Detail Susceptibility Threshold Build-Up
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o} STIMULUS=DSTM1 Vee

D1 IN1 ?
R1 I\Jla1r~l7s
Vee o——ANN
17.0k D1 N752 DSTM1 R2 2>8.0k 1.0k R4
D1N752 2
D6 Q2N3932 ouT
—nodeliaq : o
D1N752] D D3 N
D1N75 Q2 RS < 1T
D7 . IN2 Q2N3932
- 5.0k
"ﬁ__—‘ R3
D1N752 D4 L
D1N752 0
Vee oVv fAmmeter
° El. v
DSTM2 n
Vee —L Rrf R8s R7
sV — STIMULUS=DSTM2 50 1T OE 17T
l PARAMETERS:
0 Vrtampl 2.5 o]} o}
Vrf
o IN2 IN1
v2 v1
0 0
54ALS03 NAND GATE: 20MHZ @ INVERTER INPUT
(A) C:\MSIM62\DANLIB\NAND2VGS.DAT
100M == ==m-===memm=mmemmm e e e M eSS oS soCTSSoSSSoSSSoSooSoTTTTTTT -
SEL>>, RFPOWER=RMS (I {(RfAmmeter) ) *RMS(V(Vrfin)) —
e e —— T = S S — S S m === P il R e -
0 1.0 2.0 3.0 4.0
Max( RFPOWER)
vrfampl
10V e S T ittt el -
ov + - SVATATATHIRTATSA - —
Os 0.5us 1.0us 1.5us 2.0us
V(OUT) V(IN1) V(IN2)
Time
100mW ettt Sl S -
ow -
Os 0.5us 1.0us 1.5us 2.0us
RFPOWER
Time
100mwW R Al s S )
ow = 3
Os 0. Sus 1.0us -1.5us 2.0us
RMS (I (RfAmmeter)=-AVG (I (RfAmmeter)))*RMS( V(nodel)-AVG( V(nodel)))
Time

Figure 3-20 20 MHz Voltage Source at Inverter Input
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(A) NAND2VGS.DAT

V(IN2) V(IN1)

Time

V(0UT)

(B) C:\MSIM62\DANLIB\NAND2VGS.DAT

SEL>>
OW+-----meee oo el |
Os 1.0us 2.0us
rfpower
Time
10V - e .. ]
. Output Latched to Vec |
] hd ]
; // // ) \\Aj\\ ;
oV F———r= - - Fe-----sTT=o-=T=< =
Os 1.0us 2.0us
V(IN2)  V(IN1) V(OUT)
Time

(C) C:\MSIM62\DANLIB\NAND2VGS.DAT
20MW + == - e e e e L.._ -
t

| Average Input Power = 12.0 dBm

SEL>>|
OW+ - mmmmeee o Eib et R R R TR -
Os 1.0us 2.0us
rfpower
Time
IOVT --------------------------------- !
, Output Latched to Vece :
t : |
1 t
. L/ N\ |
OV === - .- Fo--S-sossToToTs =1
Os 1.0us 2.0us
V(IN2)  V(IN1 V(OUT)
Time

(D) C:\MSIM62\DANLIB\NAND2VGS.DAT

| —
| {
SEL>>/V' !
OW4---mmccee e i —
Os 1.0us 2.0us
rfpower
Time
lOVT """"""""""""""""""""" !
| Discernible. Output Noisge ;
] M '
t [}
| AVAER NN '
OV F============C--- Fos-sTTeTE oo =]
Os 1.0us 2.0us
V(IN2) V(IN1l) V(OUT)
Time

(E) C:\MSIM62\DANLIB\NAND2VGS.DAT

SOmMW - - - m oL -
Average Input Power = 15.7 dBm'

OW+---mmmme e R R -
Os 1.0us 2.0us
rfpower
Time
10V oo e . '

V(IN2) V(IN1) ~

Time

V(0UT)

(F) C:\MSIM62\DANLIB\NAND2VGS.DAT
100mw T """""""""""""""" [

OW+--cmcemmeeeo e R R |
Os 1.0us 2.0us
rfpower
Time
10V r - m e )

Os 1.0us 2.0us
V(IN2) V(IN1) v(ouT)
Time

Figure 3-21 First Cull Susceptibility Thresholds
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(B) C:\MSIM62\DANLIB\NAND2VGS.DAT

1.0us 2.0us
V(IN1) V{IN2) V(OUT)
Time

(C) C:\MSIH62\DANLIB\NAND2VGS.DAT

Os 1.0us 2.0us
RFPOWER
Time
10V w--=---ssmmommomsmoonoomooooooosoo
' Discernible Output Noise X
1 yyr .- )
QVF--T--=-=r=---==-~- pmmemSS T e ;
Os 1.0us 2.0us
V(IN1) V(IN2) v(0UT)
Time

(D) C:\MSIM62\DANLIB\NAND2VGS.DAT

Average Input Power = 14.45 dB,

1.0us 2.0us
V(IN1) V(IN2) V(OUT)
Time

(E) C:\MSIM62\DANLIB\NAND2VGS.DAT

SEL>>, N
OV F==--=-r-=---- L e 1
Os 1.0us 2.0us
V(IN1) V(IN2)  V(OUT)
Time

(F) C:\MSIM62\DANLIB\NAND2VGS.DAT

60MW Fr----~=---=--=m-cssmme-ocosmeso -
! Average Input Power = 15.08 dq
1 1
i '
oWd-----mmmeemmem - qe—mmmmmmm e m= ~
Os 1.0us 2.0us
RFPOWER

Time

10V +r------=erm=memccsce-crocoo oo m oo ]

SEL>>, / .
QVF===-==F--"----- R R e e ]
Os 1.0us 2.0us
V(IN1) V(IN2) V(OUT)
Time

(G) C:\MSIM62\DANLIB\NAND2VGS.DAT

0
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[}

]

1
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Figure 3-22 Detail Susceptibility Threshold Build-Up
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Figure 3-23 30 MHz Voltage Source at Inverter Input
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(A) C:\MSIM62\DANLIB\NAND3VGS.DAT

-
. i
) _
SEL>>:/[:;; f
ow T T LI Bl ‘:
Os 0.5us 1.0us 1.5us 2.0us
rms{ V($SN_0001)-avg( V{$N_0001)))*rms( I (RFammeter)-avg( I(RFammeter)))
Time
JOOMW &+ ==~ = === mmmm e mm e e M e e e S e e S S oSS S S S SSSSSSSSmsemsTems -
X RFPOWER = rms(V($SN_0001)*rms(I(RFammeter) .
ow 4 , - : :
Os 0.5us 1.0us 1.5us 2.0us
RFPOWER
Time
b1 ' A e e E TR L kbbbl -
X L \ :
O g Sy e RS IR R eypegeepepepeprmpepupepepepepgeyepe g =
Os 0.5us 1.0us 1.5us 2.0us
V(IN1) V(IN2) V(OUT)

Figure 3-24 First Cull Susceptibility Thresholds
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(A) NAND3VGS.DAT (D) C:\MSIM62\DANLIB\NAND3VGS.DAT

SEL>>,

oV F============" Ul . === s === 1
Os 1.0us 2.0us
V(IN1) V(IN2) V(OUT) V(IN1) V(IN2) vV (OuT)
Time Time
(B) C:\MSIM62\DANLIB\NAND3VGS.DAT (E) C:\MSIM62\DANLIB\NAND3VGS.DAT

SEL>>,
ov
Os 1.0us 2.0us Os 1.0us 2.0us
V(IN1) V(IN2) V(OUT) V(IN1) V(IN2) V(OUT)
Time Time
(C) C:\MSIM62\DANLIB\NAND3VGS.DAT (F} C:\MSIM62\DANLIB\NAND3VGS.DAT
80MW F---vcmmmcm e e e e e - 100mMW +----~--cccc e r e !
, RFPOWER = 16.15 dBm : ‘ RFPOWER ='16.88 dBm [
A e + ' :
[} ] A 1
. 1 :
OWi -------------- R R it —; OW‘{ --------------- [ k) |
Os 1.0us 2.0us Os 1.0us 2.0us
RFPOWER RFPOWER
Time Time
1iov B ettt i0v TTTTTTTSSTTosmosssssoosos-ooo-e-o- :
! Output Noise/Error ! ! Output Error :

1 ' 1 J— 1
SEL>>, ,  SEL>>, 7/ %‘WW’E \ '
OV F==========—— e eos-ssT oo oo 1 oV ===~ UulllUlL ————======= 1
Os 1.0us 2.0us Os 1.0us 2.0us
V(IN1) V(IN2) V(OUT) V(IN1) V(IN2) V(OUT)
Time Time

Figure 3-25 Detail Susceptibility Threshold Build-Up
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4. DS7820 DIFFERENTIAL LINE RECEIVERS

The National Semiconductor, DS7820 dual &iﬁ’erential line receivers are dual circuits on a
single monolithic IC chip where the two halves use a common power supply and ground. They are
designed to sense small differential signals in the presence of large common-mode noise signals. There
are two input channels for both inverting and noninverting inputs. ~These devices are TTL-
compatible and provide output signals as a function of polarity of the differential input voltage. The
outputs go high when the inputs are open-circuited. A strobe port is also provided which when
driven low disables the receiver and sets the output ports high. Response time control ports are also
provided for each channel and can be used to dc isolate resistive terminations of twisted pair, wire
transmission lines and to otherwise shape the overall frequency response. These circuits are made
to be directly interchangeable with Texas Instruments differential line receiver devices, SN55182
and SN75182. The device logic is as follows: output H when strobe L and differential input X;
output H when strobe H and differential input H; output L when strobe H and differential input L.

Figures 4-1 and 4-2 show the baseline circuits and their logic responses for pulse inputs at
both noninverting and inverting ports, respectively. In these runs, the sampling strobe was set high
and the response time control port open. Figure 4-3 shows the noninverting receiver being driven
by a 10 MHz voltage source in parallel with its Vcc bias rail. As indicated, no output upset responses
were observed for input power levels up to 3 uW. Since other sources [1] have suggested rf
susceptibility levels of 20 dBm from 1 - 100 MHz are needed to cause upset, the rf power sweep in
the above run was apparently not set high enough to drive the device into upset.

Figure 4-4 shows the noninverting receiver being driven by a 10 MHz voltage source in series
with its Ve bias rail. First cull data shows apparent noise ripple and upset errors. Figure 4-5 show
detail data of the susceptibility threshold build-up; noise ripple begins at about 6.1 dBm and upset

errors are added at about 8.7 dBm. Figure 4-6 shows the noninverting receiver being driven by a 20
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MHz voltage source in series with its Vcc bias rail. Noise ripple and upset errors are evident in the
culling power sweep from 4 mW to 25 mW. Figure 4-7 shows detail data of the susceptibility
threshold build-up. While most of the noise ripple is outside the desired signal time width, this could
present a problem of excessive noise margins to succeeding logic. Note that nearly 11.4 dBm is
needed to drive the output pulse into "some" level of bit error. Figure 4-8 shows the noninverting
receiver being driven by a 40 MHz voltage source in series with its Vcc bias rail. Again, noise ripple
and upset errors are evident in the culling power sweep from 4 mW to 40 mW. Figure 4-9 shows
detail data of the susceptibility threshold build-up. Again, most of the noise ripple is outside the
desired signal time width and nearly 13.6 dBm is needed to drive the output pulse into "some" level
of bit error. These data suggest that noise ripple and upset error require more EM power as the
frequency increases; i.e., the susceptibility of the Vcc pin to a series driven, cw EM source decreases
as the source frequency increases. These results are consistent with previously published data [2].

Figure 4-10 shows the noninverting receiver being driven by a 10 MHz voltage source in
parallel with the noninverting input port. Resistor R42 at 1 uohm is used to define better the EM
entry port and to provide node isolation for ERC. As is evident in the power range from 10 mW to
75 mW, there is considerable ripple noise and upset error. Figure 4-11 show detail data of the
susceptibility threshold build-up; there is discernible noise ripple at about 11.23 dBm and upset errors
are added at about 13.2 dBm. With the input rf power at 17 dBm, the ripple noise and upset errors
are both considerable. Figure 4-12 shows the noninverting receiver being driven by a 20 MHz
voltage source in parallel with the noninverting input port. In the power range from 10 mW to 75
mW, there are ripple noise and upset errors. Figure 4-13 show detail data of the susceptibility
threshold build-up; there is discernible noise ripple at about 11.23 dBm and upset errors are added
at about 15.23 dBm. Figure 4-14 shows shows the noninverting receiver being driven by a 40 MHz

voltage source in parallel with the noninverting input port. In this power range, there seems to be
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no upset errors, only ripple noise‘ outside the time width of the output pulse. Figure 4-15 shows detail
data in the power range from 13 mW to 50 mW. Noise ripple is evident throughout the sweep but
no upset errors are observed.

This latter run at rf frequency at 40 MHz indicating no upset is of interest. If the conjecture
that the device susceptibility is decreasing with increasing frequency is correct (i.e. more rf power is
needed to cause upset), then no upset data were observed because perhaps the rf power range in this
run was not set high enough to drive the device into upset. If the conjecture is incorrect, these data
at 40 MHz are anomalous. Further, it may be of interest to note that runs were also made on this
device with cw EM in series with the noninverting input port. No upsets were observed for rf power

sweeps in source available powers from - 2 dBm to 31.5 dBm.

[1] Rohrbaugh, John P. and Pursley, Randall H,, "X-Band T/R Module Conducted Interference
Simulation and Measurements", Georgia Institute of Technology, Final Report, June 1992; Summer
Research Program for Rome Laboratory, Air Force Office of Scientific Research, Bolling Air Force
Base, Washington, DC.

[2] Ibid.
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Figure 4-1 DS7820 Differential Line Receiver; Noninverting Baseline
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DS7820 DIFFERENTIAL LINE RECEIVER: BASELINE
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Figure 4-2 DS7820 Differential Line Receiver; Inverting Baseline
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DS 7820 DIFFERENTIAL RECEIVER: (10 MHz) EM @ Parallel Driven Vcc Rail

Duatl Differential Line Receiver
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Figure 4-3 10 MHz Voltage Source in Parallel with Vcc Bias Rail
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DS 7820 DIFFERENTIAL RECEIVER: (10 MHz) EM @ Series Driven Vcc Rail
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Figure 4-4 10 MHz Voltage Source in Series with Vcc Bias Rail
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Average rfpower = 2.16 dBm
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